INTRODUCTION
============

Spasticity is defined as a velocity-dependent increase in tonic stretch reflex, resulting from over-excitation of the stretch reflex due to upper motor neuron lesions \[[@B1]\]. It occurs frequently in patients with post-stroke hemiplegia. Excessive spasticity reduces patients\' range of motion (ROM) to the extent that it obstructs daily living activities and functional improvement, thereby adversely affecting successful rehabilitation.

Various treatment methods are used to control spasticity, such as exercise, drug therapy, electrostimulation, surgery, and local nerve block using botulinum toxin \[[@B2][@B3][@B4][@B5]\]. Conventional rehabilitation therapy for spasticity administered by therapists includes passive stretching and ROM exercise treatment. The amount and effects of repetitive exercise manually induced by therapists may differ according to the therapists\' levels of experience \[[@B6]\].

In recent decades, rehabilitation treatment using a robot has been developed to reproduce accurate motions repeatedly with less input of physical effort and time by therapists. Upper extremity rehabilitation treatment using robots has been available since the 1990s and the clinical effects on upper extremity function recovery are reported.

Studies on robotic assisted rehabilitation therapy in stroke patients have shown significant improvement in motor abilities of the exercised limb and enhanced functional outcomes \[[@B7][@B8][@B9][@B10][@B11]\]. However, some studies indicated that when the duration and intensity of conventional treatment is matched with robotic treatment, motor recovery, activities of daily living, strength, and motor control show no group-wise differences \[[@B7]\]. Nevertheless, additional sessions of robotic treatment promote better motor recovery in patients with stroke, as compared with additional conventional treatment \[[@B12]\].

Previously, studies indicated variable treatment effects of robot-assisted rehabilitation treatment on upper extremity spasticity. Fazekas et al. \[[@B13]\] reported significant change in Modified Ashworth Score (MAS) of shoulder adductors and elbow flexor only in the robotic treatment group. However, it reportedly has a small, non-significant effect on muscle tone based on MAS in other studies \[[@B10][@B11][@B14]\].

The aim of the present study was to evaluate the effect of upper extremity rehabilitation robots on spasticity in stroke patients. We conducted a randomized controlled trial to evaluate upper extremity spasticity, motor power and functions in response to therapy.

MATERIALS AND METHODS
=====================

Subjects
--------

The present study included subacute stroke patients with upper extremity spasticity of ≥1 point on the MAS, who were admitted to Department of Rehabilitation Medicine of Dong-A University Hospital from April 2014 to January 2016. Exclusion criteria were non-compliance due to cognitive impairment, medical history of stroke, nervous system disease, or musculoskeletal disease, and medical history of injury to an upper extremity or upper chest area or surgery.

All patients had received general physical, occupational therapies before enrollment in the study. The Institutional Review Board of Dong-A University Hospital approved the study (No. 15-236), and written consent was obtained from all patients.

Enrolled patients were randomly divided into two groups including a robot-assisted rehabilitation therapy (RT) group and a control group that received conventional rehabilitation therapy (CT). The randomization procedure was carried out by an independent person. Enrolled patients were randomly allocated to one of the two groups (RT or CT) in a 1:1 ratio using a computerized table of random numbers.

The RT group performed robot-assisted upper extremity rehabilitation exercises once daily and conventional upper extremity rehabilitation exercises once daily. The CT group performed conventional upper extremity rehabilitation exercises twice daily. Each training protocol was applied over 20 sessions (30 minutes per session, 2 sessions per day, 5 days a week, for 2 weeks).

Robot assisted rehabilitation therapy programs
----------------------------------------------

The RT exercise was delivered with the upper extremity rehabilitation robot Neuro-X (Apsun Inc., Seoul, Korea) ([Fig. 1](#F1){ref-type="fig"}). Neuro-X robot allows patients to perform shoulder abduction-adduction and elbow flexion-extension movements in the horizontal plane; it is a planar, two-degree-of-freedom robot providing exercises to the upper extremity as the patient\'s paretic arm moves along 360° horizontal rotational motion, with an end effector. The design of the robot is based on 2 axis selective compliance assembly robot arm (SCARA) \[[@B15]\]. This device has several treatment modes, including a continuous passive motion exercise (CPM), and controlled assisted movement exercise (CAM, or active assisted exercise). The robots were controlled with the on-off control algorithm. As participants attempt to move the handle, the robot\'s sensor detects the movement and measures the strengths ([Appendix 1](#APP1){ref-type="app"}); the robotic assist is turned on when measured strengths exceed previous setting thresholds. Previous setting thresholds were obtained at the start of each treatment sessions to determine proper exercise intensity. Thresholds were evaluated through isokinetic measurement test in the robot program.

For all robot tasks, the patients were seated on an adjustable chair in front of a monitor. The paretic arm was placed in a customized arm support fixed to the robot end-effector. The therapist monitored the patient\'s shoulder joint in order to maintain joint position. If needed, patients\' trunk was restrained by a harness to decrease compensatory movements.

Two forms of robotic therapy such as continuous passive and active-assisted isokinetic exercise were provided. Subjects performed 10 minutes of continuous passive exercise and 20 minutes of active assisted exercise. Before the active assisted exercise, subjects\' motor thresholds were evaluated through isokinetic measurement test in the robot\'s software program, and subjects subsequently performed the exercise. Several game programs including basic CPM and CAM mode, grinding millstone game, jumping rope game were used in RT exercise ([Fig. 2](#F2){ref-type="fig"}). During this intervention, the robot provided horizontal rotational movement at an angular velocity of 30° per second, allowing shoulder abduction-adduction and elbow flexion-extension. During the training, each subject could carry out ROM and stretching exercise on elbow flexion and extension in the elbow range from 0° to 120°, with 0° representing full extension, and −20° of horizontal shoulder adduction and 65° of horizontal shoulder abduction ([Fig. 3](#F3){ref-type="fig"}).

During RT, patients who performed ROM exercise could get feedback from the monitor, and the upper extremity motor power could be measured to allow resistant exercise. Spastic muscles were stretched and antagonist muscles were contracted in shoulder abductor, adductor and elbow flexor and extensor during the exercises. A bar gauge with a preset target point for the patient is used to monitor the robot. The movement of game program and patient\'s movement were synchronized, so all ROM exercise could be conducted. Through RT, stiffened upper extremities could be stretched and muscle-strengthening exercises could be induced.

The upper extremity rehabilitation therapy was implemented under the supervision of occupational therapists, who monitored patient\'s postural movements to limit or prevent postural variation of trunk and/or shoulder, and performed program changes.

Conventional rehabilitation therapy programs
--------------------------------------------

In the CT group, stretching and strengthening exercises were induced by the occupational therapists, and passive and/or active assistive ROM exercises were implemented based on the patient\'s motor power and ability.

Evaluation methods
------------------

To examine the degrees of improvement in the two groups, the following tests were administered before and after the 2-week implementation of upper extremity rehabilitation training.

Spasticity was evaluated using the MAS \[[@B16]\] by measuring the elbow flexor and horizontal shoulder adductor. The MAS facilitates passive evaluation of ROM, regardless of speed. When measuring the MAS of horizontal shoulder adduction, patient\'s shoulder was held in 90° forward flexion by the examiner. The manual muscle test (MMT) was used to measure muscle strength. Upper extremity motor functions were evaluated using the Manual Function Test (MFT) \[[@B17]\]. This test scores upper extremity exercise, grip strength, and finger manipulation abilities for a possible total of 32 points. Brunnstrom stages show the degree of motor function recovery \[[@B18]\]. K-MBI was administered to evaluate degree of self-reliance in daily living activities. None of the drugs or performance of procedures that could affect spasticity were changed during the study period.

Statistical analysis
--------------------

Statistical analyses were conducted using SPSS ver. 18.0 for Windows (SPSS Inc., Chicago, IL, USA). The Wilcoxon signed-rank test was used to evaluate outcome measurements before and after treatment in each group. For comparison between the two groups, statistical processing was conducted with the Mann-Whitney U-test. A statistical significance level was set at p\<0.05.

RESULTS
=======

During the study period, 409 stroke patients were admitted to our department. Among them, 58 patients showed upper extremity spasticity and were enrolled in the study. Twenty-nine patients each were assigned randomly to the RT or the CT group. Fourteen patients dropped out due to early discharge from the hospital and decline in medical condition. Finally, 44 subjects were included, and completed the study ([Fig. 4](#F4){ref-type="fig"}). Average age of the RT group (n=22) was 50.27±11.11 years and CT group (n=22) was 52.32±8.66 years. Basic information was similar between the two groups. MAS, MMT, MFT, Brunnstrom stages, and K-MBI showed no significant differences between the two groups ([Table 1](#T1){ref-type="table"}).

After the 2-week upper extremity treatment for spasticity, significant improvements were observed in the values of the MAS on elbow flexor and shoulder adductor, the MMT of shoulder abductor, shoulder adductor, elbow flexor, elbow extensor and the MFT, the Brunnstrom stage, the K-MBI in both groups, as compared to before treatment (p\<0.05) ([Table 2](#T2){ref-type="table"}).

The MAS, MMT, MFT, Brunnstrom stage, and K-MBI scores showed no significant differences in treatment effects of the two groups ([Table 3](#T3){ref-type="table"}).

During the RT, no other complications related to upper extremity robot, such as increased shoulder or elbow pain, or skin damage occurred.

DISCUSSION
==========

Spasticity is one of the clinical symptoms of central nervous system disease due to various causes. It can be observed in stroke patients during the neurologic recovery process. Spasticity can accelerate fine motion disability and synkinesis and suppress antagonistic muscles to hinder voluntary motor functions, leading to muscle atrophy, joint contracture, and adverse effect on the ability to perform daily living activities \[[@B19]\]. Treatments for spasticity include physical therapy, drug treatment, surgery such as selective posterior rhizotomy, local nerve block using phenol or botulinum toxin, electro-stimulation, and extracorporeal shock wave therapy. The effects of these therapies differ among patients, have high costs, and adverse effects.

Exercise is the basic treatment for spasticity and is implemented first because of ease in application and few adverse effects. Stretching exercise is effective in reducing spasticity because it increases the expansibility of the tissues \[[@B6][@B20][@B21][@B22]\]. However, conventional exercise treatment might be less efficient or patients might not concentrate on the treatment and have a negative awareness because the same motion is induced for a long time by the therapist \[[@B23][@B24]\]. Jung et al. \[[@B25]\] and Kim et al. \[[@B26]\], compared upper extremity stretching devices vs. no stretching, among 21 and 15 chronic stroke patients, respectively; in both studies, the group that performed stretching exercises experienced significant spasticity relief.

Several recent studies showed that strength exercise does not increase spasticity or reduce ROM in the affected limbs. Instead, strengthening training increases strength, functional outcomes, and quality of life; and reduces musculoskeletal impairment, without exacerbating spasticity in patients with upper neuron lesion including stroke \[[@B27][@B28][@B29]\].

Some studies have shown that although robot-assisted upper extremity rehabilitation therapy improved motor ability and muscle strength, the performance of daily living activities were not significantly improved \[[@B30][@B31][@B32][@B33]\] possibly since previous robot-assisted upper extremity rehabilitation therapy was limited to the proximal part of the upper extremity. To achieve functional improvement, harmony between the proximal part and the distal part is essential \[[@B34][@B35]\]. However, our results showed functional improvement after robot training, possibly due to some degree of hand motion control in our patients.

Game programs included in robotic devices also have positive effects, since they stimulate patients\' internal competitive spirits and satisfy their desire for interactions, thereby inspiring their will for treatment. The game programs induce pleasure and interest in the rehabilitation therapy, thus promoting motor learning \[[@B36][@B37]\]. The robot assisted training responses in our study agreed with the reported results on patients\' reactions to the game.

Previous studies showed diverse effects of robot-assisted upper extremity rehabilitation therapy on spasticity. Sale et al. \[[@B38]\] and Hesse et al. \[[@B39]\] reported decreases in spasticity and improvements in motor ability; whereas, Masiero et al. \[[@B10]\], Chang et al. \[[@B14]\], and Fasoli et al. \[[@B11]\] reported that spasticity did not significantly decrease despite improvement in upper extremity function and muscle strength.

Robot devices can provide repetitive, highly intensive, task-oriented, enhanced sensory feedback, and mutual treatment. Task-specific and high-intensity exercise in an active and functional manner has shown enhanced motor recovery in stroke patients over a large number of trials \[[@B11]\]. Systematic review of the results suggest that when the duration/intensity of conventional rehabilitative care is matched with that of RT, motor function shows no significant difference between the two groups; however, when the RT is used as additional therapy, the motor function recovery in the RT groups is significantly higher than the standard CT groups \[[@B12]\]. These results differed from our findings in motor function. In our study design, rehabilitation program was provided for the same frequency and duration to both the RT and CT groups; and total treatment sessions were the same, without additional robotic intervention.

The MAS and MMT scores of upper extremity before and after the 2-week treatment indicated significant relief of spasticity and motor recovery in both RT and CT groups. Treatment effects showed no significant group-wise difference.

The CT sessions were time-matched with the RT sessions. Rate of movement repetition was not precisely matched to the robot, but overall intensity was greater than that of a conventional exercise program \[[@B40]\]. Thus, robot-assisted exercise might have a greater effect on spasticity than conventional exercise.

In particular, the present study focused on implementing active assistive muscle strengthening exercises together with stretching exercises. It is possible that the action of the patients can have a stretching effect as well as strengthening by active force to induce robotic movement; in addition, it contributes to the positive effect on the treatment process by encouraging active participation and motivation.

However, the present study had limitations in demonstrating functional improvement effects, because of inability to train the hand and insufficient functional evaluation methods. Moreover, the treatment effects were evaluated after a 2-week treatment regimen, which is a relatively short period. In this study, we used outcome measures focused on the shoulder abduction/adduction and elbow flexion/extension movement only, and did not control for other possible movement. Future studies with larger numbers of patients, control group studies, and studies on the effects of long-term continuous treatment for spasticity are necessary.

In conclusion, the RT provided similar spasticity relief as the CT. The RT can induce patients to perform accurate motions repeatedly and motivate them to participate in treatment by arousing interest through games; it can be implemented safely under a therapist\'s supervision and can lighten therapists\' workloads. Our result suggested that the RT could be a useful method for continuous, repeatable, and relatively accurate ROM exercise in patients with spasticity.

This study was promoted as part of the spread business of market creation type robots of the Ministry of Trade, Industry and Energy and was carried out by rehabilitation robots supplied from the Ministry of Health & Welfare and the National Rehabilitation Center in 2013.
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Sensor specification
====================

![Schematic of a Neuro-X (Apsun Inc., Seoul, Korea) working method.](arm-40-961-g001){#F1}

![Four game programs on the Neuro-X system (Apsun Inc., Seoul, Korea). (A) Basic continuous passive motion exercise (CPM) mode. (B) Basic controlled assisted movement exercise (CAM) mode. (C) Grinding millstone. (D) Jumping rope.](arm-40-961-g002){#F2}

![Neuro-X system, an upper limb rehabilitation robot, consisted of a monitor and upper limb exercise equipment. (A) Paretic arm is placed in a custom-made arm support fixed to the robot. (B) Robot system affording horizontal rotational movement training of upper extremity. (C) Robot system delivering elbow extension. (D) Robot system delivering shoulder abduction. (E) Robot system delivering elbow flexion. (F) Robot system delivering shoulder adduction.](arm-40-961-g003){#F3}

![The algorithm for subject enrollment.](arm-40-961-g004){#F4}

###### Baseline characteristics

![](arm-40-961-i001)

Values are presented as mean±standard deviation.

RT, robot assisted therapy; CT, conventional rehabilitation therapy; MAS, Modified Ashworth Scale; MMT, manual muscle test; MFT, Manual Function Test; K-MBI, Korean version of Modified Barthel Index.

###### Changes of measurements after exercise
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Values are presented as mean±standard deviation.

RT, robot assisted therapy; CT, conventional rehabilitation therapy; MAS, Modified Ashworth Scale; MMT, manual muscle test; MFT, Manual Function Test; K-MBI, Korean version of Modified Barthel Index.

^\*^p\<0.05 by Wilcoxon signed-rank test.

###### Comparison of the exercise effect between two groups
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Values are presented as mean±standard deviation.

RT, robot assisted therapy; CT, conventional rehabilitation therapy; MAS, Modified Ashworth Scale; MMT, manual muscle test; MFT, Manual Function Test; K-MBI, Korean version of Modified Barthel Index.

^a)^Non-inferiority tests for two means.
